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play an essential role in obesity-related
nephropathy, as suggested by several
studies (458,459,460). Hyperleptinemia
associated with excessive adipose tissue
induces glomerular and tubular dysfunc-
tion through sympathetic nervous system
activation, profibrotic, proliferative, and
proinflammatory mechanisms (461).
Moreover, kidney-specific leptin resistance
induced by overeating exerts proliferative
and profibrotic effects that contribute to
impaired kidney function independently
of systemic leptin levels and possibly
induces progressive kidney dysfunction in
advance of diabetes onset (461).

PERIODONTAL DISEASE

Periodontal disease, which often occurs

in the absence of diabetes, is also a
frequent complication of diabetes

(462), contributing to poor glycemic
control, low-grade chronic systemic
inflammation, and increased risk of macro-
vascular and microvascular complications
(462,463,464). (See also Chapter 31 Oral
Health and Diabetes.) Because diabetes is
the leading cause of ESRD, periodontitis is
frequently present among dialysis patients,
increasing the risk for cardiovascular death
(463,465). Severity of periodontitis and
being edentulous predicted severe albu-
minuria and ESRD in a dose-dependent
manner among adults with type 2 diabetes
followed for a median of 9 years (466).

A study investigating the relationships
between diabetes, periodontal disease,

FIGURE 22.41. Adjusted Odds Ratios of Albuminuria in Males With Type 2 Diabetes, Overall
and by Age, Blood Pressure, Duration of Diabetes, and Smoking Habit, DMIDS Project,

2003-2007
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The reference group, nonsmokers, is represented by the horizontal line. Study included males with type 2 diabetes in
Taiwan enrolled in the Diabetes Management through Integrated Delivery System (DMIDS) project. The models are
adjusted for age, education, history of hypertension, biomarkers (glycosylated hemoglobin [Alc], body mass index,
total cholesterol, triglycerides, serum creatinine, alanine aminotransferase [ALT]), and treatment with renin-angio-

tensin system inhibitors.
* p<0.05
T p<0.01
F p<0.001

SOURCE: Reference 442

and CKD in the NHANES 1988-1994
population suggested a bidirectional rela-
tionship between CKD and periodontal
disease, with periodontitis increasing the
risk of CKD both directly and mediated by
hypertension and duration of diabetes, and
CKD having a direct effect on periodontitis
(467). Control of periodontal infection in
diabetic adults improves Alc level (462)
and reduces the concentration of various
markers of inflammation, coagulation, and

adhesion (468,469). Whether such control
also reduces the onset or progression of
diabetic kidney disease is not known.

DRUG NEPHROTOXICITY

Between 1999 and 2002, 27% of adults

in the United States reported habitual

use of analgesic and nonsteroidal
anti-inflammatory drugs (NSAIDs),
including aspirin (470). Cumulative toxicity
from prolonged exposure to these drugs is

FIGURE 22.42. Effect of Youth-Onset Type 2 Diabetes on Incidence of End-Stage Renal Disease in Pima Indians, by Diabetes Duration and

Age, 1965-2002
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Participants were observed from onset of diabetes to outcome or December 2002. Youth-onset type 2 diabetes is defined as onset age <20 years; older-onset type 2 diabetes is

defined as onset between ages 20 and 55 years.

SOURCE: Left panel: Reference 319, reproduced with permission, copyright © 2006 American Medical Association. All rights reserved. Right panel: Original figure provided by

M. E. Pavkov and R. G. Nelson.
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without kidney disease (Figure 22.45) (518).

Moreover, 41% of the affected siblings of
persons with kidney disease had ESRD.

A similar study in persons with type 1
diabetes found kidney disease in 33% of
the diabetic siblings of diabetic persons
with kidney disease but in only 10% of the
diabetic siblings of persons without kidney
disease (519). Familial clustering is also
found in type 2 diabetes. In two genera-
tions of Pima Indians with type 2 diabetes
(520), the frequency of proteinuria in

the diabetic offspring was higher if both
diabetic parents had proteinuria than if
neither did, and if one parent had protein-
uria, the prevalence was intermediate
(Figure 22.46).

A number of candidate genes have been
identified that may be related to diabetic
kidney disease. In Pima Indians, a poten-
tial susceptibility locus for ESRD was
found within the plasmocytoma variant 1
(PVTI) gene (521), which was confirmed
in subjects of European descent with
type 1 diabetes (522). Genome-wide
association studies of subjects with

type 1 diabetes in the Genetics of
Kidneys in Diabetes (GoKinD) study (523)
found single nucleotide polymorphisms
(SNPs) in the FERM domain-containing
protein 3 (FRMD3) gene and near the
cysteinyl-tRNA synthetase (CARS) gene
associated with diabetic kidney disease,
defined by overt proteinuria or ESRD.
These associations were confirmed in
the DCCT/Epidemiology of Diabetes
Interventions and Complications (EDIC)
prospective study of type 1 diabetes
(524), and susceptibility loci near CARS
were common to both types of diabetes
(525). Engulfment and cell motility 1
(ELMQ1) loci were associated with diabetic
kidney disease in European (526) and
Japanese (527) individuals with type 1
diabetes and in African Americans with
ESRD due to type 2 diabetes (528). The
Family Investigation of Nephropathy and
Diabetes (FIND) study (529) collected DNA
and cell lines from European American,
African American, American Indian, and
Hispanic American families in whom
type 2 diabetes was the predominant
cause of kidney disease. For all ethnicities
combined, the strongest evidence for
linkage to diabetic kidney disease was on

Kidney Disease in Diabetes

FIGURE 22.44. Association Between Birth Weight and Chronic Kidney Disease
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The horizontal dashed line represents the reference birth weight (2,500—-3,999 g). Birth weight is based on
Washington state birth records from 1987-2008. Chronic kidney disease definition is based on International
Classification of Diseases, Ninth Revision, diagnosis and procedure codes (753.0, 753.15, 599.6, 753.2). BMI, body

mass index.

* Low birth weight (400-2,499 g) data are adjusted for maternal diabetes, BMI, and smoking; high birth weight
(=4,000 g) data are adjusted for maternal BMI and smoking.

SOURCE: Reference 517

FIGURE 22.45. Kidney Status of Siblings of Type 1 Diabetes Probands, by Diabetic

Nephropathy
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Probands with diabetic nephropathy were persons with kidney transplant for diabetic ESRD; probands without
diabetic nephropathy were persons with albumin excretion rate <45 mg/24 hours. The siblings of probands who
were free of diabetic nephropathy (n=12) had less evidence of kidney disease than did siblings of probands who had
diabetic nephropathy (n=29) (p<0.001). Numbers on top of the bars are percentages. ESRD, end-stage renal disease.

* Albumin excretion rate =45 mg/24 hours.
SOURCE: Reference 518

the long arm of chromosomes 7, 14, 18,
and on the short arm of chromosome 10;
to ACR on the long arm of chromosomes
2, 7, and 15; and to eGFR on the long arm
of chromosomes 1, 7, and 8 (530,531).

A meta-analysis assessing the effects

of all genetic variants associated with
severe albuminuria or ESRD found 24
reproducible genetic variants associated
with diabetic kidney disease (Figure 22.47)
(532). These genetic variants are involved
in the renin-angiotensin system, polyol

pathway, oxidative stress, inflammation,
angiogenesis, glomerular filtration barrier
defects, cell growth, differentiation, and
apoptosis, supporting their roles in the
pathogenesis of diabetic kidney disease
(532). Albuminuria and, to a greater
degree, GFR are heritable (533), but the
actual genes responsible for diabetic
kidney disease remain elusive. Although
these findings are not universal, they do
suggest that genetic factors may predis-
pose some individuals to a higher risk of
diabetic kidney disease than others.
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FIGURE 22.46. Prevalence of Proteinuria in Offspring, by Number of Parents With
Proteinuria, Pima Indians
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Proteinuria is defined as urinary protein excretion =1 g protein/24 hours. Data are adjusted for age, systolic blood
pressure, diabetes duration, and glucose concentration. Prevention of proteinuria in offspring was significantly
higher if both parents had proteinuria than if neither parent did; prevalence was intermediate if one parent had
proteinuria. Numbers on top of the bars are percentages.

SOURCE: Reference 520

FIGURE 22.47. Genetic Variants Reproducibly Associated With Diabetic Nephropathy
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CPVL/CHNZ2 rs39059 (G) —— AKRBI CA repeat (Z+2) T1D ——
FRMD3 rs10868025 (A) i CNDP1 D18S880 (5L) T2D ——
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(A) All genetic variants in or near a gene that were reproduced in an independent study and significantly associated with diabetic nephropathy after meta-analysis. (B) All

genetic variants in or near a gene that were reproduced in an independent study and significantly associated with diabetic nephropathy in a subgroup. Cl, confidence interval.
Parentheses (y-axis labelling) contain the allele used in the comparison. The subgroup in which the genetic variant was reproducibly associated with diabetic nephropathy is shown
in y-axis label of Panel B as follows: Asian, T2D (type 2 diabetes), ESRD (end-stage renal disease), T1D (type 1 diabetes), Eur (European), Prot. (proteinuria).

SOURCE: Reference 532, copyright © 2011 Springer, reprinted with permission
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In addition to specific genetic factors,
the multifaceted cross-talk between
genes and environmental factors

can induce tissue-specific epigenetic
changes, i.e., heritable changes in gene
expression without alterations in the
DNA sequence that can lead to aberrant
gene regulation expressed as pathologic
phenotype. Epigenetic changes include
DNA cytosine methylation, histone
posttranslational modifications in chro-
matin, and noncoding RNAs, all of which
can modulate diabetes complications
through alterations in gene expression
(534). Through epigenetic mechanisms,
for example, cells acquire metabolic
memory of prior hyperglycemic exposure
that appears to mediate the develop-
ment and progression of diabetic kidney
disease (535,536). Hyperglycemia-
induced epigenetic aberrations alter
transcription factors involved in the
expression of genes mediating the
pathogenesis of diabetic kidney disease
(Figure 22.48) (534). Several microRNAs
and certain long noncoding RNAs also
have regulatory roles in diabetic kidney
disease, including promoting/modulating
fibrotic gene expression in renal cells

by targeting transcription repressors
(535). Although the mechanisms of

such cellular memory are not entirely
elucidated, its presence is supported by
the regression of morphologic lesions in
diabetic kidneys after a long period of
normoglycemia following pancreas trans-
plantation (361). Similarly, the longlasting
effects of previous strict glycemic
control observed in persons with type 1
diabetes in the DCCT or type 2 diabetes
in the UKPDS could be attributed to
cellular metabolic memory. Therapeutic
approaches targeting TGF-f, angiotensin
Il type 1 receptor, or microRNAs can
block some of the events involved in the
pathogenesis of diabetic kidney disease,
suggesting the need for novel therapies.

Kidney Disease in Diabetes

FIGURE 22.48. Signaling and Epigenetic Networks Involved in the Pathogenesis of Diabetic
Complications and Metabolic Memory
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Metabolic and hemodynamic disorders associated with diabetes can upregulate growth factors and lipids that trigger
signaling pathways, transcription factors, and crosstalk with epigenetic networks. These events can induce chro-
matin remodeling and changes in the transcriptional regulation of key genes in cells from target tissues. Persistence
of epigenetic changes (including histone PTMs, DNAme, and ncRNAs) may lead to metabolic memory, which is
known to increase the risk for diabetic complications even after normalization of hyperglycemia. AGE, advanced
glycation endproducts; Ang Il, angiotensin II; AT1R, angiotensin Il type 1 receptor; CD, cluster of differentiation;
DNAme, DNA methylation; ECM, extracellular matrix; 1ncRNA, long noncoding RNA; MI, myocardial infarction;
miRNA, microRNA; NEFA, nonesterified fatty acids; NF-kB, nuclear factor-kappaB; oxLDL, oxidized low-density lipo-
protein; PTM, posttranslational modification; RAGE, receptor for AGEs; SR, scavenger; TBR, TGF-f receptor; TGF-B,
transforming growth factor beta; Zebl, zinc finger E-box-binding homebox 1.

SOURCE: Reference 534, copyright © 2015 Springer, reprinted with permission
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TREATMENT OF DIABETIC KIDNEY DISEASE

A number of large, well-designed clinical
trials have examined the effects of treat-
ments on the onset and progression of
kidney disease in persons with diabetes.
The results of these trials helped inform
and refine clinical practice guidelines

for the management of persons with
diabetes and kidney disease. This section
summarizes the current understanding of
renoprotective treatments in those with
diabetes.

METABOLIC CONTROL

Epidemiologic studies indicate that hyper-
glycemia plays a fundamental role in the
development of diabetic kidney disease,
as reviewed previously in this chapter. A
number of clinical trials examined the
effect of metabolic control on the course
of diabetic kidney disease (244,524,537,
538,539,540,541,542,543,544,545,546,
547,548,549,550,551,552).

In type 1 diabetes, evidence that intensive
treatment of hyperglycemia prevents
elevation of albuminuria or delays its
progression comes from the combined
DCCT and its long-term follow-up, the
EDIC observational study (524,542). In the

DCCT, 1,441 persons with type 1 diabetes
were randomly divided into two groups,
half receiving intensive insulin therapy
and the other half receiving conventional
therapy. Participants were followed for a
mean of 6.5 years (245). Intensive insulin
therapy reduced the risks of moderate
albuminuria (=40 mg/24 hours) and
severe albuminuria (=300 mg/24 hours)
by 39% and 54%, respectively. Figure
22.49 shows the cumulative incidence of
moderate and severe albuminuria among
persons in the DCCT. At the end of the
randomization period, the two treatment
groups were followed for 8 more years,
on average, during the EDIC study to
determine the long-term effects of inten-
sive treatment on kidney disease (524).
Despite the fact that the difference in Alc
levels achieved during the DCCT (7.4% [57
mmol/mol] in the intensive treatment vs.
9.1% [76 mmol/mol] in the conventional
treatment group, p<0.01) disappeared
promptly during the EDIC study, the bene-
ficial effect of early intensive treatment
persisted for 8 years after the end of
randomization, with 57% lower adjusted
risk for moderate albuminuria and 84%
lower risk for severe albuminuria in the

former intensively treated group relative
to the conventionally treated group (Figure
22.50) (524). In later analyses, although
the risk of ESRD did not differ signifi-
cantly between treatment groups during
22 years of combined follow-up (0.5
cases/1,000 person-years in the intensive
treatment and 1.1 cases/1,000 person-
years in the conventional treatment group,
p=0.10) (542), intensive early metabolic
control reduced the risk of impaired GFR,
defined as a sustained eGFR <60 mL/
min/1.73 m?, by 50% (95% Cl 18%—69%,
p=0.0006). Intensive metabolic control
also reduced CVD outcomes by 42%, with
a specific 57% decrease in myocardial
infarction, stroke, or death from CVD—
effects that were partly mediated by the
reduced incidence of diabetic kidney
disease (543).

The long-term positive effect of intensive
glycemic control—the “glycemic
legacy”—observed in persons with

type 1 diabetes followed in the DCCT/
EDIC study (543) was confirmed in those
with type 2 diabetes in the UKPDS who
were followed for up to 10 years after
randomization to an intensively treated

FIGURE 22.49. Cumulative Incidence of Moderately Elevated Albuminuria and Severe Albuminuria in Participants With Type 1 Diabetes,

Diabetes Control and Complications Trial
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Moderate albuminuria is defined as an albumin excretion rate =40 mg/24 hours; severe albuminuria is defined as albumin excretion rate =300 mg/24 hours. In the primary
prevention cohort, intensive therapy reduced the adjusted rate of moderate albuminuria by 34% (p=0.04) but did not change the risk of severe albuminuria (p=0.4). In the
secondary prevention cohort, intensive treatment reduced the risk of moderate albuminuria by 43% (p=0.001) and the risk of severe albuminuria by 56% (p=0.01).

SOURCE: Reference 245, copyright © 1993 Massachusetts Medical Society, reprinted with permission
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or standard care group (544), suggesting
that glycemic control is more likely to
reduce long-term microvascular and
macrovascular complications when
introduced early (545,546). The level

of glycemic control achieved in the
UKPDS was similar to that achieved in
the DCCT. Among persons with type 2
diabetes, a meta-analysis of randomized
controlled trials (547) exploring the effect
of even more intensive glycemic control
on microvascular and macrovascular
outcomes indicated that more intensive
glucose lowering was associated with

a significant reduction in the rate of
moderate albuminuria only (risk ratio 0.90,
95% Cl 0.85-0.96) but had no effects on
mortality, kidney failure, or other vascular
outcomes. Baseline characteristics

and mean Alc levels achieved during
standard and intensive glycemic therapy
in these clinical trials are shown in Table
22.24 (547,548,549,550,551,552,553).
The modest gains in intermediate
outcomes across these studies were
counterbalanced by a twofold to threefold
higher risk of severe hypoglycemia that
required the intervention of another
person in the intensive treatment arms

of the Action to Control Cardiovascular
Risk in Diabetes (ACCORD), ADVANCE,
and Veterans Affairs Diabetes Trial (VADT)
trials (Table 22.25) (551,552,553). The
ACCORD trial, targeting an Alc level
<6.0% (<42 mmol/mol) in the intensive
intervention arm, reported an increased
risk of cardiovascular death for intensive
versus conventional glycemic control,
although it remains unclear whether this
effect was related to more hypoglycemic
episodes, the use of additional
hypoglycemic medicines, or to the target
glycemic level itself. Significant weight
gain in those receiving intensive treatment
might also have offset the beneficial
effects of the lower Alc levels. Together,
these trials indicate that glycemic control
is extremely useful up to a point, but
more aggressive glycemic control may be
harmful (554).

Persons with advanced kidney disease
experience reduced gluconeogenesis and
impaired kidney clearance of insulin and
certain oral hypoglycemic drugs (555),
potentially increasing the likelihood of

Kidney Disease in Diabetes

FIGURE 22.50. Differences in Glycosylated Hemoglobin (Alc) Level and Prevalence and

Incidence of Moderate and Severe Albuminuria, by Randomized Treatment Group at the

End of the Diabetes Complications and Control Trial and Each Year in the Epidemiology of

Diabetes Interventions and Complications Study
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(Panel A) Boxes indicate 25th and 75th percentiles of Alc level; whiskers, 5th and 95th percentiles; heavy horizontal
lines, medians; thin horizontal lines, means. P values indicate significance of the Alc level between intensive and
conventional treatment groups.

(Panel B) Moderate albuminuria is defined as albumin excretion rate =28 pg/min, equivalent to 40 mg/24 hours.

(A) Prevalence at the end of the DCCT and during the EDIC study. The differences between the treatment groups are
significant at each time point after DCCT closeout (p<0.001). (B) Cumulative incidence of new-onset moderate albu-
minuria during the EDIC study, by treatment group during the DCCT. The cumulative incidence is significantly lower
in the former intensive treatment group 8 years after the end of randomization (log-rank test p<0.001).

(Panel C) Severe albuminuria is defined as albumin excretion rate =208 pg/min, equivalent to 300 mg/24 hours.

(A) Prevalence of severe albuminuria at the end of the DCCT and during the EDIC study. The differences between the
treatment groups are significant at each time point after DCCT close-out (p<0.01). (B) Cumulative incidence of severe
albuminuria in the EDIC study by former treatment groups. The difference in cumulative incidences is significant by
the log-rank test (p<0.001).

Conversions for Alc values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycosylated
hemoglobin; DCCT, Diabetes Control and Complications Trial; EDIC, Epidemiology of Diabetes Interventions and
Complications study.

SOURCE: Reference 524, reproduced with permission, copyright © 2003 American Medical Association. All rights
reserved.
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severe hypoglycemia, particularly when
associated with inadequate food intake.
Furthermore, because Alc may under-
estimate the level of glycemia in uremic
patients, due to the shortened lifespan

of red blood cells and treatment with
erythropoietin, establishing an optimal
target Alc in uremic patients remains
challenging (556,557). Persons with GFR
<60 mL/min/1.73 m? or on dialysis often
have higher glycemic levels than expected
for a given Alc, albeit with a wide vari-
ation in the glucose/Alc relationship
(558,559,560,561,562,563). The Dialysis
Outcomes and Practice Patterns Study
(DOPPS) (564) found a U-shaped associa-
tion between Alc and all-cause mortality
in hemodialysis patients with type 1 or
type 2 diabetes. The lowest death rates

were associated with Alc levels 7%—7.9%
(53—63 mmol/mol), comparable to those
found in a population-based study of
patients with diabetes and GFR <60 mL/
min/1.73 m? who were not on dialysis
(565). Another study using time-depen-
dent modeling of Alc values in patients
with diabetes on dialysis found similar
nonlinear associations with mortality
(566). Nevertheless, Alc remains the
best clinical marker of long-term glycemic
control in persons with diabetes and CKD,
particularly if combined with self-moni-
toring of blood glucose (554). Alternatives
to Alc, including measurement of
glycated albumin and fructosamine, may
be of greater value in these persons, but
their clinical value is still being explored.

BLOOD PRESSURE CONTROL

Blood pressure control, particularly

with RAAS inhibitors, significantly
decreases the risk of progression

from moderate albuminuria to severe
albuminuria, increases the rate of
regression from moderate albuminuria
to normoalbuminuria, and decreases the
risk of heart failure and overall cardiovas-
cular outcomes in persons with diabetic
kidney disease, regardless of type of
diabetes (567,568,569). Although several
types of antihypertensive drugs are
effective in ameliorating the progression
of diabetic kidney disease, including beta
blockers, non-dihydropyridine calcium
channel blockers, diuretics, and RAAS
inhibitors, the purported relationship
between increased intraglomerular

TABLE 22.24. Characteristics of Persons With Type 2 Diabetes Included in Randomized Controlled Studies of Intensive Versus Conventional

Glycemic Treatment

Kumamoto, NR

STUDY, YEARS OF DATA COLLECTION

UKPDS, 1977-1991

ACCORD, 2001-2007 ADVANCE, 2001-2007

VADT, 2000-2008

CHARACTERISTICS (Ref. 548)
No. of participants 110
Intensive therapy 55
Conventional therapy 55
Men (%) 50
Age (years) 49
Body mass index (kg/m?) 20
Duration of diabetes (years) 6.5

Follow-up (years)
Previous CVD (%)
Initial Alc (%)

Final Alc (%)
Intensive group 71
Conventional group 9.4

(Refs. 549,550) (Ref. 551)
4,209 10,251
3,071 5,128
1,138 5,123

47 62
53 62
28 32
<1 10
10 35

0 35
71 8.3
7.0 6.4
79 7.5

(Ref. 552) (Ref. 553)
11,140 1,791
5,571 892
5,569 899

58 97
66 60
31 31
8 115
5 5.6
32 40
75 9.4
6.8 69
7.3 8.4

Conversions for Alc values are provided in Diabetes in America Appendix 1 Conversions. Alc, glycosylated hemoglobin; ACCORD, Action to Control Cardiovascular Risk in
Diabetes; ADVANCE, Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation; CVD, cardiovascular disease; NR, not reported;
UKPDS, United Kingdom Prospective Diabetes Study; VADT, Veterans Affairs Diabetes Trial.

SOURCE: Reference 547, copyright © 2011 BMJ Publishing Group, reprinted with permission

TABLE 22.25. Effect of Intensive Versus Conventional Glycemic Control on Kidney Outcomes in Type 2 Diabetes

STUDY, YEARS OF DATA

l in New ACR | in New ACR

RANDOMIZED INTENSIVE VERSUS CONVENTIONAL GLYCEMIC CONTROL
Hazard Ratio (95% Cl)

Serum Creatinine

COLLECTION (REF.) >30 mg/g
Kumamoto, NR (548) 62%
UKPDS, 1977-1991 (549,550) 17%
ACCORD, 2001-2007 (551) 21%
ADVANCE, 2001-2007 (552) 8%
VADT, 20002008 (553) 32%

>300 mg/g Doubling ESRD
100% NR NR
34% p=0.02 NR
31% 1.07 (1.01-1.13) 0.95 (0.73-1.24)
30% 1.15(0.82-1.63) 0.64 (0.38-1.08)
37% p=0.99 p=0.35

Risk Ratio (99% Cl)
ESRD or Serum
Creatinine Doubling  Severe Hypoglycemia
NR NR

0.74 (0.26-2.11) 1.89(0.69-5.19)
1.03 (0.98-1.08) 3.00 (2.42-3.73)
1.10(0.70-1.73) 1.85(1.30-2.63)
1.0 (0.68-1.49) 2.74 (1.57-4.77)

ACCORD, Action to Control Cardiovascular Risk in Diabetes; ACR, albumin-to-creatinine ratio; ADVANCE, Action in Diabetes and Vascular Disease: Preterax and Diamicron
Modified Release Controlled Evaluation; CI, confidence interval; ESRD, end-stage renal disease; NR, not reported; UKPDS, United Kingdom Prospective Diabetes Study; VADT,

Veterans Affairs Diabetes Trial.
SOURCE: References are listed within the table.
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pressure and proteinuria that is mediated
by RAAS components, as well as their
association with virtually every aspect

of kidney disease progression, has
prompted many investigators to examine
the effect of RAAS inhibitors, including
primarily ACE inhibitors and ARB, on the
progression of diabetic kidney disease.

A landmark study of 409 mostly
hypertensive persons with type 1

diabetes and urinary protein excretion
=500 mg/24 hours, who were random-
ized to receive either captopril (an ACE
inhibitor) or placebo, found a 48% lower
risk of doubling of serum creatinine
concentration in the captopril group

than in the placebo group after a median
follow-up of 3 years (570). The risk of

the combined endpoints of death, dial-
ysis, and transplantation was 50% lower
(Figure 22.51). A significant renoprotective
effect of captopril, however, was limited
to those with baseline serum creatinine
concentrations =1.5 mg/dL. No long-term
studies have examined the renoprotective
efficacy of ARBs in type 1 diabetes and
advanced kidney disease. In persons with
type 1 diabetes and lesser levels of ACR,
with or without hypertension, randomized
controlled studies demonstrate that RAAS
inhibitors do not prevent increases in ACR,
serum creatinine, or ESRD during up to

5 years of follow-up (Table 22.26) (552,
570,571,572,573,574,575,576,577,578,

579,580,581,582,583,584,585,586,587).
Moreover, when given to normoalbumin-
uric, normotensive persons with type 1
diabetes, these treatments do not reduce
the rate of expansion of the mesangium
over a period of 4-5 years (571).

In hypertensive persons with type 2
diabetes and severe albuminuria, the
RENAAL study (580) and the Irbesartan
Diabetic Nephropathy Trial (IDNT) (581)
reported results that were similar to
those in persons with type 1 diabetes and
severe albuminuria (Table 22.26) (570).
The RENAAL study reported a 25% lower
risk of doubling of serum creatinine and

a 28% decrease in ESRD compared with
placebo; the IDNT found a 33% lower risk
of doubling of serum creatinine compared
with placebo and a 37% lower risk
compared with amlodipine. The Irbesartan
in Patients With Type 2 Diabetes and
Microalbuminuria (IRMA 2) study found
that high-dose irbesartan prevented

new severe albuminuria in hypertensive
persons with moderate ACR levels (579).
Although none of these three ARB trials
found significant reductions in ESRD
incidence during the intervention periods,
several cost-benefit analyses based on
the IDNT and the cost of medicine and
ESRD treatment specific to the United
States, Canada, and several European
countries, consistently predicted both
long-term survival advantage and higher

Kidney Disease in Diabetes

cost-effectiveness with ARB than with
other treatments (588). These benefits
might be due in part to less comorbidity
associated with RAAS treatment, such

as heart failure and retinopathy, and in
part to lower ESRD incidence when longer
time periods are considered. No long-term
studies have examined the renoprotective
efficacy of ACE inhibitors in persons with
type 2 diabetes and ACR =300 mg/g. Dual
RAAS blockade is at least as effective as
monotherapy in reducing blood pressure
and albuminuria in persons with diabetes
(584,589,590) but is less well tolerated by
persons without hypertension or diabetes
(582). The Ongoing Telmisartan Alone

and in Combination With Ramipril Global
Endpoint Trial (ONTARGET) (587) and
Veterans Affairs Nephropathy in Diabetes
(VA NEPHRON-D) (591) trials found an
excess risk of acute kidney injury and
hyperkalemia with dual RAAS therapy,
without a significant cardiovascular and
renal benefit. Further, even after 5 years
of treatment, albuminuria increased to
pretreatment levels soon after the with-
drawal of these drugs (571,572,573). This
observation suggests the need for longer
periods of normalization of both ACR

and glycemic levels to achieve a durable
treatment effect on underlying disease
processes or more sensitive early markers
of kidney disease progression.

FIGURE 22.51. Effect of Captopril on Incidence of Kidney Disease in Persons With Type 1 Diabetes and Proteinuria, 1987-1992
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The Collaborative Study included 409 subjects with type 1 diabetes and urinary protein excretion =500 mg/24 hours, who were randomized to receive either captopril or placebo
and were followed for a median of 3 years. Treatment with captopril was associated with a significant reduction of both endpoints.

SOURCE: Reference 570, copyright © 1993 Massachusetts Medical Society, reprinted with permission
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TABLE 22.26. Randomized Controlled Studies of Renin-Angiotensin System Inhibitors

STUDY, YEARS OF DATA
COLLECTION (REF.)

ACE versus placebo or other treatment

Treated Control

Type of
Diabetes

STUDY CHARACTERISTICS

Follow-up
(Months)

Baseline ACR  New Moderate or
Category

Severe ACR

RENAL OUTCOMES
Risk Ratio (95% Cl)

Doubling in SCR ESRD

RASS, NR (571) 94 95 1 No 60 Normal 0.67 (0.20-2.31) 0 1.67 (0.40-7.00)
EUCLID, NR (572) 265 265 1 No 24 Mixed 0.73 (0.49-1.09) NR NR
Lewis, 1987-1992 (570,584) 207 202 1 Yes 36 Severe 0.67 (0.53-0.84)* 0.80(0.62-1.04)
HOPE, NR (573,585) 34 47 1 Yes 72 Normal to 0.71 (0.39-1.29)
Moderate 1.34 (0.68-2.65)1 50
1774 1,722 2 Yes 72 Normal to 0.75(0.60-090) = (0.46-12.10)F
Moderate
BENEDICT, NR (574) 301 300 2 Yes 36 Normal 0.60 (0.34-1.05) NR NR
Ravid, 1990-1997 (575) 97 97 2 Yes 72 Normal 0.34(0.13-0.90) 0.38(0.11-1.40)
ADVANCE, 2001-2008 5,569 5,571 2 Yes 51.6 Mixed 0.84(0.78-0.90) 0.62 (0.33-1.15) 0
(552,585)
ARB versus placebo or other treatment
DIRECT 1, 2001-2008 (576) 1,662 1,664 1 No 56.4 Normal 1.07 (0.53-2.14) NR NR
RASS, NR (571) 96 95 1 No 60 Normal 2.64 (1.08-6.45) 0 0
TRANSCEND, 2001-2008 2,954 2,972 1,2 Yes 56 Normal 0.75(0.61-0.92)  0.99(0.56-1.76) 0.50(0.09-2.71)
(577)
DIRECT 2, 2001-2008 (576) 363 362 2 No 56.4 Normal HR0.73 NR NR
(0.48-1.10)
588 592 2 Yes 56.4 Normal HR 1.01 NR NR
(0.74-1.39)
ROADMAP, 2004-2009 (578) 2,233 2,216 2 Yes 384 Normal 0.84(0.70-1.02) 2.17 (0.89-5.29) 0
IRMA 2, NR (579,586) 194 201 2 Yes 24 Moderate HR 0.32 NR NR
(0.15-0.65)
RENAAL, 1996-2001 751 762 2 Yes 42 Severe NR 0.84 (0.70-1.01)  0.77 (0.64-0.93)
(580,586)
IDNT, 1996-2000 (581) 579 569 2 Yes 31.2 Severe NR 0.71(0.54-0.92) 0.83(0.62-1.11)
ACE versus ARB
RASS, NR (571) 94 96 1 No 60 Normal 0.25 (0.09-0.73) NR NR
ONTARGET, NR (582,587) 2,159 4,306 1,2 Yes 56 Normal HR 1.06 (0.70-1.60)*§
1.04 (0.91-1.17)%
Moderate HR 1.16 (0.73-1.83)*§
Barnett, NR (583) 120 130 2 Yes 60 Moderate 1.04 (0.71-1.51) 0

ACE, angiotensin-converting enzyme; ACR, albumin-to-creatinine ratio; ADVANCE, Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled
Evaluation; ARB, angiotensin receptor blocker; BENEDICT, Bergamo Nephrologic Diabetes Complications Trial; Cl, confidence interval; DIRECT, Diabetic Retinopathy Candesartan
Trials; ESRD, end-stage renal disease; EUCLID, EURODIAB Controlled Trial of Lisinopril in Insulin-Dependent Diabetes; HOPE, Heart Outcomes Prevention Evaluation; HR,

hazard ratio; HT, hypertension; IDNT, Irbesartan Diabetic Nephropathy Trial; IRMA, Irbesartan Microalbuminuria in Patients With Type 2 Diabetes and Microalbuminuria; NR,

not reported; ONTARGET, Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial; RASS, Renin Angiotensin System Study; RENAAL, Reduction of
Endpoints in Non-Insulin Dependent Diabetes With the Angiotensin || Antagonist Losartan; ROADMAP, Randomized Olmesartan and Diabetes Microalbuminuria Prevention; SCR,

serum creatinine; TRANSCEND, Telmisartan Randomised Assessment Study in ACE Intolerant Subject With Cardiovascular Disease.
* Dual versus monotherapy with either ACE or ARB

T Outcome represents type 1 and type 2 diabetes subjects combined.

1 Outcome represents entire study population.

§ Combined endpoint of chronic dialysis or doubling of serum creatinine

SOURCE: References are listed within the table.
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